Objective: To improve efficiency, reduce interruptions and reduce the time taken to complete oral drug rounds. Design: Lean Six Sigma methods were applied to improve drug round efficiency using a pre-and post-intervention design. Setting: A 20-bed orthopaedic ward in a large teaching hospital in Ireland. Participants: Pharmacy, nursing and quality improvement staff. Intervention(s): A multifaceted intervention was designed which included changes in processes related to drug trolley organization and drug supply planning. A communications campaign aimed at reducing interruptions during nurse-led during rounds was also developed and implemented. Main outcome measure(s): Average number of interruptions, average drug round time and variation in time taken to complete drug round. Results: At baseline, the oral drug round took an average of 125 min. Following application of Lean Six Sigma methods, the average drug round time decreased by 51 min. The average number of interruptions per drug round reduced from an average of 12 at baseline to 11 following intervention, with a 75% reduction in drug supply interruptions. Conclusions: Lean Six Sigma methodology was successfully employed to reduce interruptions and to reduce time taken to complete the oral drug round.
Introduction
Medicines are an integral part of healthcare treatment strategies and are considered the primary intervention that most doctors offer to influence their patients' health [1] . Drug administration is a critical step in drug therapy [2] , yet it can be a complicated process [3] and is recognized as a high-risk task [4, 5] . Drug administration errors can have serious and potentially fatal consequences for the patient as well as personal and professional implications for the nursing staff involved [5] . The processes for drug administration in hospitals can vary significantly, depending on the prescribing systems, drug being administered and the storage and retrieval processes in use [3] . Depending on the hospital environment and ward configuration, certain processes may prove more efficient than others.
Frequently, processes around drug rounds develop over time and become ingrained in practice, without challenge or evaluation. Health systems worldwide are undergoing significant reform and change, motivated by changing technological and medical advancements coupled with an increased burden on services [6] . This necessitates re-examining existing work practices and improving efficiency. Quality improvement methods have been introduced to healthcare settings with a view to improving quality and effectiveness. While various approaches to quality improvement exist, Lean Six Sigma (LSS) has demonstrated positive effects in healthcare settings [7] . The application of LSS principles enables identification and removal of waste to add value to the patient [8] . LSS methodologies have been successfully employed to healthcare processes such as hand hygiene, emergency department triage and operating room workflow [7] .
Interruptions to medication administration are recognized contributory factors to medication errors and present a significant risk to patient safety [9] [10] [11] . An interruption is defined as 'an externally generated event, either task or communication-orientated, that breaks the continuity of focus on the main task' [9, 12] . Such interruptions may include hospital staff seeking information or assistance, requests or questions from patients or families, phone calls and missing medications or stock shortages on the ward [13] . As the number of interruptions to drug rounds increases so does the risk of error [11] . With every interruption during drug rounds, both the number and the severity of errors increases [11] . This finding emphasizes the high-risk nature of this complex nursing task.
Some studies have investigated interventions to reduce interruptions to nursing staff during medication administration. Interventions adapted include 'no interruption zones', nurses wearing visual cues (e.g. tabards), ward signage, limiting/triaging phone calls during drug administration times, having protected drug administration time and educational/awareness initiatives [3, 4, 14, 15] . These approaches have managed to reduce or eliminate interruptions during drug rounds and reduce errors [13] .
In addition to being a high-risk task, drug administration can be a time consuming process. Nursing staff spend 16-19% of their time on medication tasks [16, 17] . This finding is supported by a study conducted at the site of the current study, where completion of an oral drug round by nurses for 12 patients on an orthopaedic ward, took an average of 2.8 h [18] . Reducing nursing time spent on drug rounds can facilitate more direct nurse to patient time. Releasing nursing time for direct patient care has been associated with improved patient satisfaction, increased staff satisfaction and enhanced patient safety [19] .
There has been recent emphasis on redesigning and streamlining health services to release time for frontline staff to engage in direct patient care [19] . Whilst it is important to acknowledge that nursing time spent on drug administration is time spent on patient care, there is considerable scope to improve drug administration to make the practice more time efficient and less vulnerable to error. Organization of nurses' work is linked to a reduction in drug errors during the administration process [20] . Therefore, it is important that any time savings incurred are due to elimination of non-value added steps and not direct patient care.
Though a substantial body of work has focused on applying LSS methods to reducing or eliminating interruptions during drug rounds, there has been a comparative lack of research on the benefits of this intervention beyond interruption and error reduction. In this study, we aimed to develop a multifactorial approach to improve the efficiency of oral drug rounds, to explore the impact of interruptions during rounds and on nursing time savings. We hypothesized that by applying LSS methods, interruptions would reduce and drug round times would decrease, resulting in nursing time savings and increased process efficiency.
Methods

Study context
A large 600-bed teaching hospital is the setting for this research. The citycentre hospital provides a range of frontline and specialist services on a regional and national level. In 2012, LSS quality improvement methodology was employed to review work practices; the processes around drug rounds were prioritized as one process in need of improvement.
On hospital wards, drug ordering and supply is facilitated through pharmacy staff. The ward pharmacists oversee supply of drugs for all patients on their ward and all requests for drugs are channelled through the Pharmacy Department. Oral medicines are administered during drug rounds which involve using a drug trolley to facilitate supply of drugs to each patient as appropriate. While there is substantial data on the correct process for drug administration [21] , there is little guidance available on the best practices for performing a drug round. Informed by the existing literature and LSS methodology, a multifaceted intervention was developed to improve drug round efficiency to reduce interruptions and release nurse time.
A project team was assembled to review the 08.00 oral drug round. This is the busiest and the most demanding of the four scheduled daily drug rounds, as confirmed by internal audit data, as the majority of medications are dispensed to patients during this round. The project team was interdisciplinary in nature, consisting of a clinical nurse manager, a staff nurse, a clinical pharmacist and a LSS facilitator. Additionally, nursing staff, pharmacy staff and healthcare assistants from the pilot ward were invited to take part in the project at key stages.
A 20-bed orthopaedic ward was the study ward. The ward layout consisted of two six-bed rooms, a four-bed room, a three-bed room and a single isolation room. There was one clean utility room on the ward where medication and drug trolleys were stored. Two drug trolleys were designated for use on the ward: one for 12 patients and the other for 8 patients.
Design
The LSS DMAIC (Define, Measure, Analyse, Improve and Control) approach was utilized as the framework for the project.
Define
Previous research conducted value stream mapping in the current setting and developed a detailed flow chart that was validated by the nursing team from the pilot ward [18] . This was used to assess each step within the process to determine whether the activity added value (as determined by patient and customer needs) or whether it was an avoidable non-value added element that could be controlled by process re-design.
From this analysis, three sources of possible disruption were identified:
• Direct interruptions to nursing staff during the medication round from staff members, patients and relatives. • Drug supply issues, i.e. instances where the medication is not available during the round and the nurse has to go elsewhere to search for the drug and retrieve it.
• Drug charting issues, i.e. instances where the drug chart has omissions or errors and disruption occurs when the nurse must clarify or correct this before drug administration.
Measure
Easy to use, instructive tally sheets were developed to capture baseline data on the frequency of occurrence of these interruption sources to the 08.00 medication round. The tally sheets were affixed to both drugs trolleys on the ward over a 2-week period in November 2012 and February 2013 to collate baseline information. The nurses undertaking the round recorded the overall time taken to complete the round and instances and sources of interruption. Baseline measurement indicated that the duration of the 08.00 drug round varied from 105 to 155 min with a mean duration of 125 min for two nurses at different drug trolleys, conducting the round in parallel. The largest source of interruption for this baseline period was direct interruptions from others at 49% (n = 30) followed by drugs supply issues at 33% (n = 20). Drug charting issues represented 11% of interruptions (n = 7). Further examination of interruptions from people indicated that patient interruptions represented the highest percentage of interruptions (53%), followed by other nursing colleagues (21%), doctors (12%), porters (7%), healthcare assistants (5%) and relatives (2%).
Analyse
The team used root cause analysis methods (Figs. 1 and 2 ) to understand the fundamental contributing factors to the variable and lengthy drugs round and interruption source.
Root cause analysis suggested areas for improvement that the project team explored and the team then considered the feasibility and impact of potential interventions using a 'Pick Chart' tool. It was agreed that a multifaceted intervention was required to address the challenges across disciplines and to address the lack of standardized process for conducting the medication round.
Improve
The interventions were divided into three categories: trolley interventions, supply interventions and direct interruption interventions. Table 1 describes the interventions that were introduced in detail.
A period of training was undertaken on the ward to ensure that all nursing and pharmacy staff involved understood the rationale for the project and were aware of, and comfortable with, the process changes. Data collection occurred in May 2013, one week after the pilot commenced. A formal feedback process was included in the pilot design with opportunity for input and refinement. This resulted in the inclusion of additional interventions. Firstly, one nurse was designated to the task of unpacking and restocking medications on each arrival from pharmacy each day. This was not an intervention initially planned by the project team but was something that was highlighted as beneficial by the nursing staff during the pilot testing. The communications board for drug ordering was also redesigned to identify what drugs were required and also whether the ward pharmacist had reviewed the list of drugs needed for ordering. Formal feedback from staff was sought at the end of the pilot period to assess opinions on the effectiveness of each solution and to give staff the opportunity to accept or reject each intervention before the process became established ward practice. All interventions were deemed to have had an impact on reducing interruptions and improving communications among the interdisciplinary team.
Control
In line with LSS methodology, data collection was repeated in September 2013. The control phase assesses whether improvements achieved in the pilot intervention were embedded and sustained over time. 
Results
Study outcomes
The improve phase drug round duration varied from 83 to 106 min with a mean duration of 95.5 min. This constituted a reduction in mean duration from 125 to 95 min or a 24% reduction in time. A reduction in the drug round time variation was observed, with the variation reducing from 50 to 23 min (Fig. 3) .
Drug round duration decreased further in the control phase to 74 min with the variation in the drug round increasing to 46 min.
During the Improve phase, the average number of interruptions per round increased to 14, with the largest proportion from people (Fig. 4) . The average number of drug supply interruptions decreased to 2 per round.
In the Control phase, the average number of interruptions per round was 11. Interruptions from people again represented the 
Table 1 Detailed intervention overview
Intervention type
Intervention description
Trolley and materials intervention
• Assignment of staff to maintain trolley order: A staff nurse was assigned the task of carrying out weekly trolley clearouts at quieter ward periods during night shift or at weekends.Visual Standard Operating procedure and standard work developed: A visual checklist and standard operating procedure was developed in line with the hospital's policy on administration of medical preparations and was affixed to the inside of the trolley. All supply issues were agreed to be completed at the end of the round.
Supply intervention
• Communications board: A communications board was designed collaboratively with nursing and pharmacy staff to easily identify any medications required post-round to include the date and time of order, the destination location/ trolley and denoted space to indicated when seen by the pharmacist, drug ordered, drug delivery time, drug received and trolley restocked.
• Visual triggers: A system was developed using coloured sticky tabs (andons) to allow nursing staff to indicate when medications were running low on the trolley giving them a visual reminder to restock that medication at the end of the round. These were also used by nursing staff to identify any queries they had in relation to drugs charted for patients which could then be addressed at the end of the drug round in line with the new standard work process that had been developed.
Direct interruption intervention
• Trolley signage: Trolley 'Do not interrupt' signage was developed to act as a visual indicator when the nurse was conducting the round. Signage was considered from all angles so that it would be visible during the round.
• Communications campaign: A communications campaign was developed highlighting the complex task of drug rounds and detailing the risk of medication error as a result of interruptions. Staff emails were disseminated and posters were put up in strategic locations on the ward to target potential sources of interruption.
• Nursing teamwork strategy: Given the majority of direct interruptions were from patients, the nursing staff devised a team-based strategy where nominated nursing staff carried out the drug round after handover each morning. The nurses assigned to carry out the round advised patients using a standardized message that they were carrying out the drug round and to use their call bells for attention. Other nurses and healthcare assistants were then free to attend to patient calls.
largest proportion of interruptions, with an average of 9 interruptions per round. Drug supply interruptions decreased further to 1 per round. Over the study period, the average drug round time decreased by 51 min from the measure (February 2013) to control phase (September 2013), with drug round time variation also decreasing by 4 min/round. The average number of interruptions per drug round also decreased from an average of 12 interruptions per round at baseline to 11 following the intervention.
This time efficiency equates to a saving of 6 h/week on the 08.00 drug round alone. LSS practices were also employed in the other daily drug rounds so the daily time savings may be greater than measured in this study.
Discussion
The study applied LSS methods to improve the processes and efficiency around oral drug round practices and aimed to embed and maintain new processes. A multifaceted intervention was designed which included changes in processes related to drug trolley organization and drug supply planning. A communications campaign aimed at reducing interruptions during nurse-led rounds was also developed and implemented. The intervention succeeded in achieving a reduction in drug supply and drug chart-related round interruptions. A decrease in the time taken to complete the drug round, as well as a decrease in the variability in time taken to complete the round was observed. Furthermore, this reduction was sustained over time indicating the new processes had entered the control phase and become embedded in practice. Successful re-design of these processes around drug supply planning, trolley organization and administration equate to an average reduction of 75% in drug supply interruptions and six nursing hours per week saved on one drug round alone. By streamlining this process, nursing time may be released for similarly complex cognitive tasks related to direct patient care.
There is a well-established link in the literature between interruptions during drug rounds and risk of error [13] . One study which explored the direct relationship between interruptions and medication error found that with every interruption, the risk of error increased by 12.7% with the risk and severity of error increasing with the frequency of interruptions [11] . While medication errors were not recorded in the current study, research suggests that by reducing drug round interruptions, the number and likelihood, of errors may also have decreased. Drug administration requires the full attention and cognitive resources of nursing staff and by eliminating unnecessary interruptions, patient care and patient safety can be enhanced. While the average number of interruptions per round decreased, the largest improvement was demonstrated in drug supply and chart-related interruptions. This improvement highlights the importance of using a systematic approach to drug supply processes. The reduction in interruptions from people was only minor in this study. This may be due to the reduction measures employed. Signage was only used to discourage interruptions whereas other studies have used tabards as well as signage [15] . This may be more effective at reducing the number of interruptions from people. In the study setting, there was concern that tabards may not be acceptable to staff and therefore not a feasible component of the intervention. This should be tested in future research.
This study adds to the existing literature by looking beyond medication error to examine the impact of improving processes around drug rounds in terms of time savings for nursing staff. Drug rounds take up a significant amount of nursing time [16] [17] [18] and by improving the processes involved, nurses can be more efficient in this crucial daily task and release more time for other essential nursing duties. Furthermore, consistency can be achieved in the average length of the drug round; by reducing variability in time taken to complete the drug round, nurses can more effectively plan other daily tasks.
A key strength of the current research and a major factor in its success was the adoption of a systems approach to examining druground processes. By employing LSS methods to explore and understand the process and its inefficiencies, problematic task components were isolated and key interruption sources identified.
Secondly, the involvement of all stakeholders in the process was crucial to inclusion of relevant perspectives within the health system. This enabled the project team to develop a clear understanding of the multifaceted nature of the process and its shortcomings, from drug supply and availability, to organization of the drug trolley and local storage facilities, as well as the actual task and practicalities around conducting the drug round. Transcending organizational silos, interdisciplinary collaboration enabled the development of collectively designed solutions. Importantly, the standardization of the new process increased awareness, transparency and understanding between pharmacy and nursing staff. Feedback indicated the new process presented a more collaborative approach to working. It is important therefore to also view quality improvement as a social process, where participatory approaches can foster staff motivation to engage with improvement initiatives as well as contribute to the sustainability of project outcomes [22] .
While the multidisciplinary nature of the team was a key element of the project's success, leadership from the ward manager was crucial in ensuring sustained engagement. The ward Clinical Nurse Manager was fully supportive of the changes introduced and positively influenced ward staff. The role of leaders and champions is well recognized as being a significant factor in the success of process changes [23, 24] .
While there has been considerable research on reducing interruptions during drug rounds, most has focused on medication error and not on the release of nursing time. This study demonstrates the gains that can be made by streamlining patient care processes to improve patient safety and provide nursing staff with an environment that enables high-quality patient care. Given that the observed improvements were maintained over time; this presents substantial evidence of the sustained nature of the process change and therefore next steps will involve spreading the processes improvement across other wards. Given the improvements observed, we believe the intervention applies to other settings, although it may be important to adapt and tailor the intervention for the local context.
